Locally supersymmetric systems in odd dimensions whose Lagrangians are Chern-Simons forms for the smallest supersymmetric extensions of anti-de Sitter gravity are discussed. The construction is illustrated for D = 7 and 11. In seven dimensions the theory is an N = 2 supergravity whose fields are the vielbein (e a µ ), the spin connection (ω ab µ ), two gravitini (ψ i µ ) and an sp(2) gauge connection (a i µj ). These fields form a connection for osp(2|8). In eleven dimensions the theory is an N = 1 supergravity containing, apart from e a µ and ω ab µ , one gravitino ψ µ and a totally antisymmetric fifth rank Lorentz tensor one-form, b abcde µ . These fields form a connection for osp(32|1). The actions are by construction invariant under local supersymmetry and the algebra closes off shell without requiring auxiliary fields.
based on the osp(32|1) superalgebra [3] .
The low energy regime of M-theory is expected to be described by an eleven dimensional supergravity of a new type. This new supergravity should stand on a firm geometric foundation in order to have an off-shell local supersymmetry [4] . Furthermore, the perturbation expansion for graviton scattering in M-theory indicates has recently led to conjecture that the new supergravity lagrangian would contain higher powers of curvature [5] . In this letter we present a family of supergravity theories which for D=11 exhibits all of these features.
In spite of its initial appeal as candidate for a renormalizable field theory of gravity, standard supergravity has a serious drawback. In general, the supersymmetry transformations of the dynamical fields form a closed algebra only on shell ("modulo equations of motion"). This might seem satisfactory in the sense that the action is invariant under local supersymmetry. It is unsatisfactory, however, because it means that the propagating fields do not transform as gauge connections nor do they belong to an irreducible representation of the supergroup and thus prevents a fiber-bundle interpretation of the theory, as is the case with standard -e.g., Yang-Mills-gauge theories. In order to accomodate the fields in tensor representations usually requires introducing a host of auxiliary fields, which is highly nontrivial in general and is often an unsolvable problem [6] .
Still, there is a handful of supergravities whose superalgebras close off shell without requiring auxiliary fields: Anti-de Sitter (AdS) in D = 3 [7] , and D = 5 [8] ; Poincaré in D = 3 [9] , and in general for D = 2n + 1 [10] . These are genuine gauge systems for supergroups and therefore make interesting candidates for renormalizable theories of gravity.
Here, a family of supergravity theories in 2n − 1 dimensions is presented, whose Lagrangian is a Chern-Simons (CS) form related to the n-th Chern class of a supergroup in 2n dimensions [11] . These are gauge systems by construction and the (local) supersymmetry algebra closes off-shell. As anticipated by many authors, starting with the pioneering work of Cremmer, Julia and Scherk [12, 13, 3] for D = 11, the theory is a gauge system for the osp(32|1) superalgebra.
Gauge Gravity.-The fact that the supergravity generators do not form a closed off shell algebra can be traced back to two implicit assumptions usually made about the purely gravitational sector: (i) gravitons are described by the Hilbert action, and, (ii) torsion does not contain independently propagating degrees of freedom.
The first assumption is historical and dictated by simplicity but in no way justified by need. In fact, for D > 4 the most general action for gravity -generally covariant and with second order field equations for the metric-is a polynomial of degree [D/2] in the curvature, first discussed by Lanczos [14] for D = 5 and, in general, by Lovelock [15, 16] . This action contains the same degrees of freedom as the Hilbert action [17] and is the most general low-energy effective theory of gravity derived from string theory [18] .
Assumption (ii) is also motivated by simplicity. It means that the spin connection is not an independent field. Elimination of ω This implies that even classically, ω and e should be assumed as dynamically independent fields and torsion necessarily contains many propagating degrees of freedom [19] . These degrees of freedom are described by the contorsion tensor, k 
Here wedge product is understood and the subscript "G" denotes a Lagrangian for torsionfree gravity. The constant l has dimensions of length and its purpose is to render the action dimensionless allowing the interpretation of ω and e as components of the AdS connection
[20]
where A, B = 1, ...D+1. The Lagrangian (1) is an AdS-CS form in the sense that its exterior derivative is [8, 20] ,
where R AB is the AdS curvature and κ is quantized [21] (in the following we will set κ = l = 1).
For D = 3 there is another choice of CS form for the AdS group whose exterior derivative is the Pontryagin form in 4 dimensions (2 nd Chern character for SO (4)). This alternative
where For D = 4k − 1, the AdS-CS form can also be written in the spinorial representation of
It is important to note that in this Lagrangian, as well as in (4), torsion appears explicitly.
For example, in seven dimensions one finds
The maximal extension of the Lovelock Lagrangian is the most general D-form invariant under local Lorentz rotations, constructed out of the vielbein, the spin connection and their derivatives (without using the Hodge ⋆ -dual) [25] . Lagrangian (5) is a particular representative of this family in which the coefficients are chosen so as to enlarge the local Lorentz invariance to AdS invariance.
In general, a Chern-Simons D-form can be defined so that its exterior derivative be an invariant homogeneous polynomial of degree n in the curvature, that is, a characteristic class. In the examples above, (3) is the CS form for the Euler characteristic class 2n-form, while the exotic lagrangians are related to different combinations of Chern characters. Thus, a generic CS action in 2n − 1 dimensions for a Lie algebra g can be written as
where < > stands for a multilinear function in the Lie algebra g, invariant under cyclic permutations such as Tr or STr [26] .
The R.H.S. of (5) is a particular form of (6) in which < > is the ordinary trace over spinor indices. Other possibilities of the form <F n−p ><F p >, are not used in our construction. In the supergravity theories discussed below, the gravitational sector is given by ±
, which is a genuine gauge theory for the AdS algebra [27] .
Gauge Supergravity.-Apart from the assumptions (i), (ii), there is another assumption which often limits the scope in the search for a supergravity action: (iii) The exclusion from the superalgebra of generators which are Lorentz tensors of rank higher than two. This assumption is based on the conviction that elementary particle states of spin higher than 2 are inconsistent [28] . However, this does not rule out the relevance of those tensor generators in theories of extended objects [29] .
In [10] , a family of theories in odd dimensions, invariant under the supertranslation algebra whose bosonic sector contains the Poincaré generators was presented. The anticommutator of the supersymmetry generators generates a translation plus a tensorial "central" extension,
The commutators of Q,Q and Z with the Lorentz generators can be read off from their tensorial character, and all the remaining commutators vanish. This algebra is the continuation to all odd-dimensional spacetimes of the D = 10 superalgebra of Ref. [13] and yields supersymmetric theories with off-shell Poincaré superalgebra . The existence of these theories suggests that there should be similar supergravities based on the AdS algebra.
Superalgebra and Connection.-The superalgebra containing the AdS algebra in the bosonic sector is found following the same approach as in [13] , but lifting the restriction of N = 1 (for details, see [24] ):
In each of these cases, m = 2 [D/2] and the connection takes the form
The generators J ab , J a span the AdS algebra, Q 
where D is the covariant derivative on the bosonic connection, Dǫ j = (d+
D=7 Supergravity.-The smallest AdS superalgebra in seven dimensions is osp(2|8). The
a ij M ij , where M ij are the generators of sp(2).
In the representation given above, the bracket < > is the supertrace and, in terms of the component fields appearing in the connection, the CS form is
Here the fermionic Lagrangian is
where
T a Γ a are the sp(2) and so (8) curvatures, respectively. The supersymmetry transformations (9) read
D=11 Supergravity.-In this case, the smallest AdS superalgebra is osp(32|1) and the
where Ω ≡ 
The fermionic Lagrangian is
where R = dΩ + Ω 2 is the sp(32) curvature. The supersymmetry transformations (9) read Standard seven-dimensional supergravity is an N = 2 theory (its maximal extension is N=4), whose gravitational sector is given by Einstein-Hilbert gravity with cosmological constant and with a background invariant under OSp(2|8) [31, 32] . Standard eleven-dimensional supergravity [12] is an N=1 supersymmetric extension of Einstein-Hilbert gravity that cannot accomodate a cosmological constant [33] . An N > 1 extension of this theory is not known.
In the case presented here, the extensions to larger N are straighforward in any dimension. In D = 7, the index i is allowed to run from 2 to 2s, and the Lagrangian is a CS form for osp(2s|8). In D = 11, one must include an internal so(N) field and the Lagrangian is an osp(32|N) CS form [24] ). The cosmological constant is necessarily nonzero in all cases.
Some sector of these theories might be related to the standard supergravities if one identifies the totally antisymmetric part of the contorsion tensor in a coordinate basis, k µνλ , with the abelian 3-form, A [3] . In 11 dimensions one could also identify the antisymmetric part of b with an abelian 6-form A [6] , whose exterior derivative, dA [6] , is the dual of F [4] = dA [3] .
Hence, in D = 11 the CS theory possibly contains the standard supergravity as well as some kind of dual version of it.
The field equations for these theories in terms of the Lorentz components (ω, e, b, a, ψ)
are somewhat involved. However, these are just spread-out expressions for <F n−1 G (a) >= 0, where G (a) are the generators of the superalgebra. Using this, it is reassuring to verify that in all these theories the anti-de Sitter space is a BPS state, and that for ψ = b = a = 0 there exist spherically symmetric, asymptotically AdS standard black-hole solutions of the class discussed in [20] as well as topological black holes of the type discussed in [34] . It is also similarly easy to show that . It remains to be proven that the linearized excitations around these solutions have positive energy for the bosons. The positive energy requirement will presumably further restrict the options to a few acceptable models. This is currently under investigation and will be discussed elsewhere.
It is possible to incorporate matter into these theories through a minimal coupling A·J.
The matter currents must have equal-time commutators obeying the superalgebras above, which are typical for a system of extended objects. For D = 11, for example, the matter content is that of a theory with (super-) 0-, 2-and 5-branes, whose respective worldhistories couple to the spin connection and the b fields. 
